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Abstract 

A factor analytic technique was applied to the attentional data from 
a visual episode presented D ongitudinally at 6, 13^ 25 and 44 months of 
eige. Two factors were identified: an orienting factor, consisting of fixa- 

tion, ceirdiac deceleration, eind cessation of activity, and an affect factor, 
consisting of smiling, vocalizing, and cardiac deceleration. 
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Many different responses have been employed in measuring infant atten- 
tion in recent years. Both behavioral observations and physiological changes 
have been called upon. Among the measui'es used are looking time (Fantz, 19^3; 
Friedman, Nagy & Carpentei', 1970; Lewis, Kagan & Kalafat, I9C6), chiinges in 
ongoing activity and movement (Engen, Lipsitt S; Kaye, I963; Lewis Wilson, 
1970), sucking behavior (Haith, Kessei! Sc Collins, 1969; Kaye, I966), heart 
rate deceleration (Graham & Clil’ton, 1966; Lacey, I967), and respiratory 
changes (Engen et al., 1963; Steinschneider, 1968) . The majority of these 
studies have been based upon one or at most two measures. One exception is a 
study of complexity and incongruity in which five measures v/ere recorded: 
looking time, heart rate, activity, vocalizing and smiling (Lewis, Wilson & 
Bavunel, 1971) • With so many measures related to attention, it seems possible 
that the interrelationships among them might be at least as relevant to the 
study of infant attention as the measures themselves . 

A second reason for using multiple response measures i.; that responses 
change meaning as the infant develops. As Lev/is (1967) has stressed in recent 
years, a single response studied at a si.igle age, or even over several ages, 
can be misleading. Lewis found that an i ifant vho cries in response to frustra- 
tion at two months does not ciy in response to frustration at one year; rather, 
he actively attempts to overcome the frustration. On the other hand, the child 
who shows little reaction to frustration at two months tends to ci^-^ in the face 
of frustration at a year. Thus, crying changes its meaning — at the early age. 



it is an active response, but. by a year, it has become a r-assive respor.se; 
the active response has taken a nev/ form. Only ai; approach v;hid'i uses multi- 
ple responses over time can provide this information. If responses change 
meaning, or if tiie responses in. the ser'/ice of a psychological structure under- 
go changes, then it is necessai-y to have a variety of responses in order to ob- 
ser'/e sucli chariges. 

At least two types of mtiltivariate approaches are possible. Ihe first 
is the intercorrelational technique in vhiich all responses at each age are 
correlated with all responses at each other age. A tyj^ical result: two mea- 

sures of attention at different ages, heart rate deceleration and looking tim.e, 
are not consistent over age. However, the across-age correlations indicate 
that heart rate deceleration at six months and looking at one year are strongly 
related. From this, the investigator may infer that at six months heart rate 
deceleration is the better indicator of attention, perhaps due to the lower 
mobility at the early age, which affects the flexibility of the looking response. 
Further, he infers that the two responses diange meaning in the second half of 
the first year, and by one year, looking time is the better indicator of 
attention, perhaps due to increased activity v/hich in turn affects heart rate. 

A more sophisticated approach is the factor analytic technique in which 
clusters of highly intercorrelated measures are identified. The clusters are 
then assumed to represent some underlying psychological structure. Thus, tite 
clusters, rather than single measures, become the focus of across-age compari- 
sons. One might argue that the clusters themselves do not change their meanir.g 

o 

over age — just the particular responses which fall within a cluster might vary." 
Alternatively, the items within a cluster might be stable, but their loadings 
might change over age. 
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The second approadi, usin^f a principal component analyois, ’/as applied 
to atienti.onal data gathered in a longitudinal svady of children 6 to 4-'; 



months of age. 



Method 

Sub.iects . Tlie subjects were 'j2 boys and 32 girls, seen lorigitudinasly 
at 6, 13, 25 and months of age. Tiie socioeconomic level v/as fairly 
heterogeneous, though ske/ed slightly tov/ard the upper erid of the scale. 

Procedure . The children were seated in an infant seat or junior chair 
in a uniform grey room, 5' x 5'. Visual . stimuli were presented at eye level 
by rear screen projection 2 1/2' fro.ii the c.hild. The measures recoi'ded were 
total looking time, number of discrete looks, heart rate deceleration, activity, 
smiling and vocalizing, usir.g the tedmiques developed by Le’/is (see Lewis 
et al., 1971). Briefly, all measures except heart rate v/ere recorded 
by observers uiiseen by the child. The observers pushed a button connected to 
an event recorder when a behavior occurred and held it for the duration of the 
behavior. Heart rate change was recorded using electrodes attached to a poly- 
grajjh. Smiling v/as not recorded at 6 and 13 months, and activity v/as not re- 
corded at 44 months . 

The visual stimuli varied over age in complexity and interest in an 
attempt to maintain a fairly consistent level of attention over age. Hov;ever, 
ill general they could be classified as social (liaving faces) and nonsocial. 
Except at 44 months, all pictures were achromatic, and were presented for 12 
seconds with a 12-second intertrial interval. The order of presentation was 
randomized within each complete series of pictures, e.g., no stimulus v/as r/re- 
sented for the second time until all had been presented once. 



Insert Table 1 about here 



Table 1 lirsts the pictures used at each age. At C .months and I 3 months 
the sample was divided in half, v/ith different stimuli s!iov.T; to the tv/o halves 
of the sajnple on a slightly different schedule (referred to as samples 1 and 
2 for convenience). 

At 6 months for both samples the series included six pictures. For the 
first sample, the six pictures v/ere shov/n randomly for a total of five trials 
each. For the second sample, a scliematic drav/ing of a face was substituted for 
the panda face, and each picture vras presented six times. 

A.t 15 months the picture series included the same pictures used for the 
second sample at 6 months, plus, for half the sample, six additional pictures. 
For the first sample, each of the six pictures was presented six times. For 
t.he second sample, each, of the six 6-month pictures was shown for three trials 
eadi. After all six pictures had been presented three times, the six new 
stimuli were introduced and each was shown a total of three times. Thus, both 
sajnples received a total of 56 trials, but the second sa-nple was shown different 
stimuli for the last 18 trials. No social -nonsocial distinction was made for 
the six new stimuli. 

At 25 months both samples received the same picture series. The series 
consisted of 12 stimuli (all social), each presented three times. Five of the 
pictures had been u.;ed at I3 months. 

At 4b months four sets of two pictures were used, two social sets and 
two nonsocial. For each set one picture was presented for six consecutive 
trials (standard), follov/ed by the other picture for the seventh trial (vio- 
lation). The series thus consisted of 28 trials, each 30 seconds in length 



with a 30“second intertrial interval. 
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Reaults a,;ici DL;; cum-, ion 

Irs a principal component an^dysis, the number of compoiierits, or faevoru, 
in determined by the number of measures ii^cluded in the analysis: if tl.ere 
are six measures, the analysis computes six components, ordered such that the 
first component accoiuits for the greatest variance. Each component con:;ists 
of all the measures, appropriately weighted to maximize the variance accouided 
for by that component, l-fnile all tiie measures have a "value" or loadi::g on 
each componejit, some measures are loaded quite heavily while others are close 
to zero. There are several ways of determining vdiich loadings are strong 
enough to be meaningful.. The simplest a:'.d most straightfor^/ard methixi is to 
treat the loadings as correlation coefficients, v/ith N being the number of 
subjects used in the compo.nent analysis. This approach, using the .0'} level 
of significance, was used below. 

At edl four ages, tlie first two cemponents described the data adequately — 
in all cases, all measures showed significant loadings in at least one of the 
two components, and the two components together accoiu'ited for well over half 
the total variance. The results are shown in Table 2. The two components at 
months account for almost equal parts of the total variance, a.ed have been 
reversed for a more meaningful presentation of the data. That is, the first 
component (accounting for the most variance) has been presented as the second 
and the second as the first. The blanks in the table indicate that these 
measures were not recorded at these ages. 

Insert Table 2 about here 

For all ages, the first component accounted for 31^'i to of the total 
variance, well over the 20^ expected (ijfo at 25 months) if all the components 
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accpunted equally for the variance. Moreover, the pattern of 

t 

loadings v/as quite similar over age. At ail ages, looking time showed Lh.e 
strongest loading. For three ages (excluding 13 months), .much looking v/as 
associated with decreases in heart rate. Moreover, the relationship was 
stronger for the two older ages than for the younger ones. In addition, for 
the three ages at whici activity was recorded, mucli lookii"ig was associated 
v/ith little activity. 

The other measures were less consistent in the first component over age. 
Number of discrete looks was loaded positively at 6 and 13 months, v/as not 
significant at 25 months, and v/as negatively loaded at 44 months. Thus, 
this measure appears to change meaning over age in relation to the other 
variables. At bhe earlier ages, many discrete looks is related to much look- 
ing, decreases in heart rate and little activity — high attention — ^while by 
44 months many looks is related to little overall looking, little deceleration 
and much activity — low attention. Finally, much looking was related to little- 
vocalizing at 6 and 25 months, and to much vocalizing at 44 months. Smiling 
was not included in the first component at any age. 

The second component together with the first accounted for 5^'^ to 64^ 
of the total variance, well above the 40^ expected (34/^ at 25 months) if the 
variance was distributed evenly over all the components. This component was 
more variable over age than the first. All the measures were significantly 
loaded in this ccsnponent at one age or another. Hov/ever, the most consistent 
loadings were for the number of looks, vocalizing and smiling, with many looks 
related to much vocalizing and much smiling. In addition, heart rate was 
loeded significantly at 6 and 13 months, such that many looks were related to 
decreases in heart rate. This result is interesting in view of the fact that 
heart rate deceleration was included in the first component particularly 



uLrongly at the tvo older agec. Thus, heart rate deceleration itn 

association from the second component at tiie early ages to the first com- 
ponent at the later ages. Finally, activity vas significantly v/eighted at 
both 6 and 13 months, but i;i opposite directions.*' 

Further analysis was .necessary to determine if the components, vnile 
similar in pattern over age, v/ere actually representing the same underlying 
structure over age. The coefficient of concordance was coinjjuted for each com- 
ponent using the four measures v/hich were available at all four ages (total 
fixation, number of fixations, cardiac deceleration, and .vocv.'.lization) . The 
coefficient was significant at tJie .01 level of probability for both components 
(first component, W — .775; second component, W- .675)* Thus, the structures 
represented by the two components appear to be the same over age. 

^Vhile the structures themselves are stable over age, it does not 
necessarily follow that a given child's responses in the service of the struc- 
ture remain the same over age. To test for individual consi.stency, component 
scores were computed for each child at each age: the child's score on each 

measure was multiplied by the appropriate component loading, and the sum of 
the products obtained. Thus, each child received two component scores, pro- 
portionately v/eighted for the first and second components. 

Ordy the first component was stable over age, and the consistency saggests 
a simplex pattern — i.e., the components were related oifLy from one age to tr.e 
next. OifLy the 13-month to 25-month relationship was significant for the 
total group (r = .38, p<.0l). The consistency was greater for the girls. 

For girls, not only did I3 months predict 25 months (£ = .i)-0, o< .05), but also 
25 months predicted U'+ months (r = .40, p<.05). The one long-term relation- 
ship v/hich reached significance was for the first component for the boys: 6 
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mon^iir: predicted hk month:: (r ■“ .-li., Trie remainder oi‘ rhe correla- 

tioric: were generally noni:igr.iriGai. c. 

It ic somev/hat surpri.:i»:g thaL t.he co::ipo:;ei'it ncorer; did :.o'.. nhov; 
greater consistency over age. !iov;ever, muci' of trie variability is probably 
accounted for by tiie variation in the .measures recorded and GiimibLi used at 
each age, and thus in tiie data on v/hich the components v/ere based. Greuaer 
consistency would p^robably be found if the measures v;ere the same at eacla ^vgc. 

It is interesting that in spite of the v;ide variation in the stimuli, 
the two components show many similarities over age. T.he two components represent 
quite different patterns of behavior, both relating to attention, \fniie all the 
measures except smiling are included in both components at one age or another, 
a consistent pattern emerges for each compo.nent over age. The first component 
is consistently characterized by much looking, decreases in iieart rate, partic- 
ularly at the older ages, and little activity. Thus, t::is component .Includes 
those responses involved in receptor and body orientation, and -;:ight be said 
to represent an orienting factor. 

In contrast, the second component generally represents many discrete 
looks, much vocalizing, much smiling, and decreases in heart rate at the uv/o 
younger ages. Thus, it appears that the componerit includes an* affect measure — 
vocalizing or smiling — for all but 6 months. The component, then, might be 
interpreted as representing an affect factor of attention, and as such adds a 
nev/ dimension to attention beyond the orienting response. 

These interpretations are supported by further analysis in which the 
principal compor:ents were determined for the social and nonsocial data sepa- 
rately. The 25-nionth data were not included in this analysis as all the stimuli 
were social. 
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Insert Table '-l aboui here 
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Tile analysis v/as bused on the assumption that social stimiLLi are more 
apt to elicit affect responses, and that this v/o'Hd ir.fluer.ce the conpoiient 
patterns. The results, as seen in Table 3> consisteiitly si^ov.' the orieatiiu' 
component to be stronger — that is, account for .more varia.nce — for the .-.on- 
social .stimuli, when the effectual responses can be presumed to be at a mini.miiin. 
Moreover, the affect component v/as consistently stronger for the social stLm.tdi, 
when the affect responses can be presumed to be greater. Finally, at 41 montiis, 
tiie orienting and affect components were reversed, witfi the affea’t component 
accounting for greater variance. Hov/ever, in the social and nonsocial analyses, 
the components v/ere reversed only for the social pictures; that is, the affect 
component accounted for more variance than the orienting component ( 28 ^) 

only for the social pictures, when the affect responses are expected to be 
greater. For the nonsocial pictures, t.he components v/ere in the cxe'ected order, 
v/ith orienting accounting for the greater variance (39^ against 32/*’ for 
affect). \Vhile these results are not overv/helming in their magnitude, ce’rtainly 
their consistency over age must lend some credence to their validity. 

Tlius, two components of attention have been identified, and similarities 

over age illustrated. The question arises, hov/ever, why two compor.ent.s arc- 

necessary to describe adequately a child's response to a visual stim’olus. 

Closer analysis of the process of attending provides an an.sv/er. Imagine the 

sequence of responses when a child looks at hi-s mother's face. The initial 

reaction is one of orientation — intense looking, depression of heart rate, 

inhibition of ongoing behaviors such as activity, smiling and vocalizing — 

in fact, all the .’esponses v/hich appear in the first component, or orienting 

factor. After recognition takes place, the affective element of t.he stimulus — 

1 -! 
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i.e.j. 1‘ace, eopecLall.v, motiier^s face — corit-j into pl:iy ui;d ovoV.^^c al‘:‘oc- 
vuiil r»ji.'>por.i;e:7. Lt; the child. ThUG, the child *c response to his !noth*::rh: 
race i:; in Tact tv/o clusters of responses; the initial orientirtj respo:;ses 
and tile subsequent affectual responses. 

TiiC- argument is made, then, Tor a multiple-response approacii to the 
study of attention. A multivariate approach is necessary for tv/o reaso:is. 

First, responses change meaning over age — many discrete looks at the younger 
ages was indicative of hig’> attention and interest, v/hile at the later ages, 
many looks vas representative of low attention and boredom. This kind of 
kjia-;ledge is gained oily when one resporise is compared to other responses. 
Second, at least two t;ypes of responses are called into play in ti:e process 
of attending — orienti:.g and affect- Obviously only a multiple-response approach 
will yield this information. From this it clear that a description of atten- 
tion based upon a single response measure is at best inadequate, and at worst 
superficial. 
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"This, of course, argues for an Individual differences model rather 
tha.n a developmental one. That is, a.n individual difference molel suggests 
that changes occur not in the structure, but only in the respoiises in its 
service (this change could be maturatiorral ) , A developmental model suggests 
that changes occur in the structure itself. At this point it is too early to 
separate these tvra positions for this case of attending behavior. 

3 

The components were rotated using a varimax procedure and the results 
vere substantially the same. In fact, except for the £-month data, they were 
nearly identical. For this reason v;e have chosen to use the unrotated compor. 
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^ho 4t-month components are revcirsed for a more meaningful prosentation of 
the data. 
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